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Abstract 
This work presents an investigation of the effect of waste aluminum beverage cans strips on strength and swelling properties of
lean clay. Waste beverage cans (WBC) were cut into 5 mm strips and mixed with soil in 2, 4, 6, 8, and 10 % (dry weight of soil)
before use. Three standard tests were carried on the prepared samples: compaction, free swelling, and California Bering Ratio 
(CBR). Test results showed that WBC significantly affected the compaction characteristics, swelling and strength properties of the 
clay.  
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1. Introduction 
In the north of Iraq, many engineering problems were observed in structures, pavements, and slab-on-grade due to 
the expansive behaviour of clayey soils. This behaviour of clayey soil was one of the most prevalent problems that 
threaten the stability of structures and highways. Many methods have been used to improve the expansive soils by 
stabilizing the soil with additives. There are many methods of stabilization, including:  
 Mechanical stabilization: This is the most common type and according to research, most likely the cheapest and 
simplest method of soil stabilization. Soil could stabilize mechanically by applying dynamic effort to the soil. Applying 
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effort to the soil increases dry density and reduce moisture content thus increase performances of the soil by increasing 
shear strength. 
Chemical stabilization: This method involves mixing or injecting the soil with chemically compounds such as 
Portland cement, lime, fly ash, calcium or sodium chloride or with viscoelastic materials such as bitumen. There are 
many waste materials that can be used in stabilizing expansive clayey soils such as Jute, Palm fiber, nylon fiber, 
aluminum residue, iron residue, fly ash, and coal. Recycled waste materials are used to stabilize expansive soils, and 
it's the most important way to save cost and reduce environmental pollution, which has been attracting more and more 
attention. These waste materials increase the strength and durability of the soils. Fiber reinforcement was also found 
to increase the crack reduction significantly due to the increased tensile strength of the soil. The disposal of waste 
material is one of the biggest challenges for developing countries due to the increase in solid wastes; therefore there 
must be serious discussions about how to manage this problem. In this study the reused aluminium beverage cans 
waste materials by dry weight of soil was taken as 2 %, 4 %, 6 %, 8 % and 10 % were taken and mixed with the soil 
and examine its effect on OMC, MDD , CBR and Swelling properties of soil. Here are some reviews: 
Mahasneh [1] studied the effect of aluminum residue on the expansive clayey soil and concluded that the addition 
of aluminum residue and recycled asphalt materials to a silty clay soil with proper compaction would lead to an 
increase in the bearing capacity and dry density. In addition, an increase in the unconfined shear strength and a decrease 
in swelling and the shrinkage potential of the silty clay soil were also observed. Hainin et al. [2] investigated the use 
of steel slag as an aggregate in the design of asphalt concrete for road construction. The best management option for 
this by-product is recycling. This leads to reduction of landfills reserved for its disposal, saving natural resources and 
attaining a cleaner environment. The purpose of this paper was to review the engineering properties of steel slag and 
its utilization for road construction in different ways. Economically the steel slag may be cheaper if utilized in urban 
roads, but it would be expensive for rural roads due to the transportation fees. Malekzadeh and Bilsel [3] studied the 
effect of polypropylene fiber reinforcement on the improvement of physical and mechanical properties of clay soils. 
The sample was obtained from an expansive clay deposit in Famagusta, North Cyprus. The soil specimens were mixed 
with 0 %, 0.5 %, 0.75 %, and 1 % polypropylene fiber additives. therefore, The results of compaction, unconfined 
compression, tensile strength and one dimensional swell test on 0 %, 0.5 %, and 1 % fiber were discussed. Despite the 
difficulties encountered in representative specimen preparation due to random distribution of fiber filaments, it was 
observed that there is a future prospect in the use of this environmentally friendly additive for soil improvement. 
Sachin and Ankit [4] studied the influence of brick dust. Brick dust is a waste material that is widely available in large 
quantity. To resolve the problem of swelling, they replaced the soil with a stabilizing agent that was 50 % of its dry 
weight. For the analysis of stabilizer effect on soil, a comparison was done of the properties of 100 % black cotton soil 
and the combination of 50 % clack cotton soil + 50 % brick dust. The comparison included all properties by carrying 
out a compaction test, aaterberg limit test, and linear and swelling tests on both normal and stabilized soil.  The above-
mentioned tests show a great decrement in soil swelling. Bairagi et al. [5] presented a study that used a Jute fiber. Jute 
thread was collected from a grain market in Jabalpur India. The length of the jute fiber used in the study was 
approximately 5 cm with an aspect ratio of 15/20. The study showed a significant decrease in the expansive behavior 
of clayey soil. A remarkable increase in California bearing ratio was observed; it increased from 1.8 % to 4.1 %, and 
unconfined compressive strength values increased from 1.09 kg/cm2 to 1.35 kg/cm2. Black cotton soil was blended 
with jute fibers from 0 % to 5 % by weight of black cotton soil. And the results showed with increasing fibers content 
swilling reduce enormously. Agarwal, et al. [6] used waste synthetic bag pieces in their study. Synthetic pieces were 
obtained from waste synthetic cement bags, which are made of strong and flexible cast polypropylene. They found 
that when waste synthetic bag pieces are mixed with soil, they improve the bearing capacity of soil. Waste synthetic 
bag pieces of size 2 cm by 2 cm were used at a proportion of 0.1 %. Various tests were carried out to determine the 
CBR value and other soil properties with and without using admixture and reinforcement. The maximum value of 
CBR was found to be 23.82 % for 2.5 mm penetration and 22.21 % for 5 mm penetration. Agarwal [7] presented the 
effect of stone dust, which is a kind of solid waste material that is generated from the stone crushing industry. This 
material is abundantly available; it is estimated that 15 % to 20  % of each crusher unit’s product is stone dust. Adding 
50 % of stone dust is effective in decreasing optimum moisture content of soils, which is advantageous in decreasing 
quantity of water required during compaction. The study also reveals the fact that with an increase in the percentage 
of stone dust, maximum dry density (MDD) of the soil increases. Mixing soil with stone dust was also found to improve 
its CBR. Adding only 30 % of stone dust was found to increase the CBR of soil by nearly 50 %. Utami [8] studied the 
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effect of lime addition to the expansive soil. The results showed decreasing in the percentage of lime plasticity (liquid 
limit, plasticity index). The average CBR value increased for the natural soil to percentages of 5 % and 10 % of lime, 
while it decreased in 15 % lime. In terms of swelling, after 24 hours immersion 15 % lime showed a 45.28 % increase 
in swelling compared to normal soil (i.e. 31.67 % to 17.33 %) So, in general, the best place for clay soil stabilization 
is the Pakuwon area in Indonesia, where the addition of 10 % lime CBR values reduces swelling value.Therefore, in 
this study the effect of waste aluminum beverage cans strips on strength and swelling properties of lean clay was 
investigated. 
2. The materials used in the study 
2.1. Soil used in this study 
Soil samples were taken from Shoraw site north of Kirkuk Iraq. The soil was taken at a depth of 1 m below ground 
surface. Index properties of the soil were determined, and the soil classified according to ASTM Standards and 
AASHTO and presented in the Table.1 
Table1. Index properties of the soil used for this study
Parameters Value
1- Specific gravity g/cm3 2.72 
2- Grain Size Distribution: 
% Gravel  0% 
% Sand  7% 
% Silt and clay 93% 
% Silt 42% 
% Clay  51% 
3- Atterberg Limits: 
Liquid limit LL % 38.64 
Plastic limit PL % 17.69 
Plasticity Index PI % 20.96 
4- OMC 
  Maximum dry density (kN/m3 ) 1.89 
Optimum moisture content in percentage 13% 
Void ratio at maximum dry density and OMC 0.449 
5- Classification: 
ASTM lean clay 
CLUnified Soil Classification System (USCS) 
AASHTO Classification System A-6 
6- Bearing capacity 
CBR at (MDD) 2.7% 
7- Free Swellingat(MDD) 4.3% 
8- Unconfined compressive strength (kPa) 49 
2.2. Used aluminium beverage cans as a waste material 
Beverage cans waste material is a very light metal, with a specific weight of 2.6 to 2.8 (g/cm3), and 0 % absorption. 
Aluminium beverage cans are globally produced. The main property of aluminium is high resistance to corrosion. The 
mechanical and chemical property for uniform aluminium wires (5 mm width and the diameter of the cans length) as 
shown in Fig.1, and had uniform distribution. Mixing them in certain percentage with clay soil could save money, 
improve soil properties and making sure that the environment is safer and cleaner.  
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Fig.1 Preparation of stabilized material from waste beverage materials. 
3. Experimental program 
In order to determine maximum dry density (MDD) and optimum moisture content (OMC) of unstabilized and 
stabilized soils, the Moisture-Density test was performed according to AAHSTO T 180/T 99 [9]. The CBR test and 
swelling test were also performed according to specifications AAHSTO D 1883 [10]. The specific gravity was 
determined regarding on ASTM D854 [11]. The Sieve and Hydrometer Analysis is based on ASTM D 422-63 [12]. 
4. Test Results and Discussions 
4.1. Effect of aluminium waste material in soils on maximum dry density and optimum moisture content 
(a) (b)
Fig. 2. (a) Maximum dry density versus Aluminum, (b) Optimum moisture content versus Aluminum. 
The MDD of soil was 1.89 g/cm³ for non-reinforced soil; however, results show MDD was 1.94 g/cm3 when adding 
10 % aluminum Fig.2(a). On the other hand, results from same test shows optimum moisture content (OMC) being 
13 % for non-reinforced soil; however, OMC was 9 % for reinforced soil with 10 % aluminum Fig.2(b). 
4.2. Effect of aluminium waste material on CBR and swelling value 
CBR values shows  2.7 % with 0 % aluminium content; however, CBR is 10.1 % at 8 % aluminium content and then 
decreases to 10 at 10 % of aluminum waste materials as shown in Fig.3(a). Also the natural soil free swelling is 4.3 
% while enormous improvement values are noticed with increased aluminium percentages in the mixture after curing 
for 4 days. The results shows decrease potential swelling to 1.8 % at 10 % mixing aluminium content to the expansive 
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soil. Fig.3(b) shows the effect of aluminium beverage cans waste on free swelling. 
(a) (b)
Fig. 3.(a) CBR value% versus Aluminum, (b) Swelling versus Aluminum. 
5. Conclusions 
Based on the experimental results, it can be concluded that. Adding aluminum beverage cans to the expansive soil 
increase MDD; therefore less effort could be considered during compaction and stabilizing expansive soil. Adding 
aluminum beverage cans to the expansive soil decrees OMC; therefore for specific project with low water content the 
stabilized expansive soil with aluminum could be recommended. Stabilizing expansive soil with aluminium beverage 
cans could be considered environment friendly way because no manufacturing is used with this technic Adding 
aluminium with 6% of dry mass considered the effective percentage of aluminium could be used to get best CBR 
improvement. 
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